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CONTROLLED  GAS-DISCHARGE  DEVICE 

WITH  A COLD  CATHODE 

I.  I.  Aksenov,  V.  A.  Belous,  and 
S.  A.  Smirnov. 

This  invention  pertains  to  the  controlled  low-pressure  pas- 
discharge  devices  with  a cold  cathode  capable  of  transmitting  high 
pulse  currents  and,  especially,  to  the  gas-discharge  devices  design- 
ed to  operate  in  high-voltage  installations  as  the  activating  and 
protecting  elements. 

There  are  controlled  gas-discharge  devices  with  a cold  cathode 
which  are  filled  with  gas  or  vapor  at  low  pressure.  These  devices 
are  controlled  by  exciting  the  glow-discharge  (for  example,  a 
high-frequency  glow-discharge)  in  a chamber  separated  from  the  main 
discharge  space  by  a cathode.  The  chamber  is  connected  with  the 
main  discharge  space  through  an  opening  in  the  cathode.  A negative 
voltage  pulse  is  fed  to  the  starting  electrode,  which  is  in  the  form 
of  a solid  disc  located  in  the  chamber  in  front  of  the  cathode,  to 
start  the  device. 

One  of  the  drawbacks  of  the  devices  of  this  type  is  the  neces- 
sity for  the  excitation  of  the  keep-alive  glow-discharge  in  the 
starting  chamber.  In  the  operation  without  the  keep-alive  glow- 
discharge  the  starting  characteristics  of  the  device  worsen  sharply 
and  the  lag  time  of  activation  and  its  dispersion  increase  con- 
siderably. 

The  device  being  proposed  differs  from  the  known  in  that  the 
starting  electrode  is  made  in  the  form  of  one  or  several  cylindrical 
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or  prismatic  cells  arranged  opposite  to  the  openings  in  the  cathode. 
The  bases  of  the  cells  have  openings  on  the  side  of  the  cathode. 

This  improves  the  starting  characteristics  of  the  tube. 

Figures  1 and  2 show  two  versions  of  construction  of  the  device. 

Figure  1 shows  a device  constructed  with  a single-cell  starting 
electrode.  Anode  1 has  the  shape  of  a disc  and  cathode  2 is  a hol- 
low cylinder.  Base  3 of  the  cylinder,  which  faces  the  anode,  has 
holes  4.  The  principle  discharge  gap  5 is  between  the  anode  and 
the  base.  Inside  the  cathode  cavity  6 is  a starting  electrode  7, 
which  also  is  a hollow  cylinder.  One  of  the  bases  of  this  cylinder 
is  either  completely  open  or  it  has  a hole  8,  as  this  is  shown  on 
the  drawing.  This  base  of  the  starting  electrode  faces  the  perfor- 
ated base  3 of  cathode  2.  Lead  9 of  the  starting  electrode  passes 
through  holes  10  in  base  11  of  cathode  2.  The  12  and  13  are  the 
leads  of  the  anode  and  cathode,  respectively. 

The  device  is  filled  with  gas  or  vapor  under  pressure  which 
ensures  the  necessary  electrical  strength  of  the  anode-cathode  gap 
and  which  is  determined  by  the  left  branch  of  the  Paschen  curve. 

The  diameter  of  the  holes  and  the  width  of  the  slits  in  the  per- 
forated base  of  the  cathode  must  not  exceed  the  width  of  the  space 
between  the  anode  and  cathode,  so  that  the  penetration  of  the  anode 
field  into  chvity  6 would  be  small  and  the  effect  of  the  holes  and 
slits  on  the  electrical  strength  of  the  device  could  be  disregarded. 

In  the  initial  state  operating  voltage  is  applied  between  the 
anode  and  cathode;  in  this  case,  distribution  of  the  electrical 
field  is  established  in  gap  5 which  is  close  to  uniform,  while  in 
cavity  6 the  field  is  virtually  absent.  When  a negative  voltage 
pulse  is  fed  to  the  starting  electrode,  a discharge,  which  is  charac- 
teristic for  a system  with  a hollow  cathode,  ignites  in  cavity  6. 

In  this  case  the  role  of  the  hollow  cathode  is  played  by  the  starting 
electrode  7 and  the  role  of  the  anode  - by  base  3.  As  is  known, 
such  systems  are  differ  from  the  systems  with  the  usual  solid  elec- 
trodes by  a lower  potential  of  both  the  Ignition  and  burning  of  the 
independent  glow-discharge.  The  plasma  of  this  discharge  is  dis- 
tinguished by  the  increased  concentration  of  electrodes  along  the 
axis  of  the  system.  Under  certain  conditions  a dense  electron  beam 
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is  formed  along  this  axis.  Prom  cavity  6 the  electrons  get  into 
the  discharge  gap  5 through  holes  4,  ionize  the  atoms  (or  molecules) 
of  the  working  gas  and  cause  a breakdown  of  the  gap  (in  Pig.  1 the 
path  of  the  electrons  is  shown  by  dashed  lines).  The  discharge 
plasma  filling  the  cavity  6 is  an  effective  source  of  electrons 
during  the  period  of  formation  and  burning  of  the  main  discharge. 
The  amount  of  electrons  in  the  zone  of  openings  4,  where  they  are 
captured  by  the  anode  field,  also  increases  due  to  an  intensive 
treatment  of  the  surface  of  base  3 and  of  the  walls  of  the  openings 
by  an  ultraviolet  radiation  whose  powerful  source,  as  is  known,  is 
the  discharge  plasma  in  the  hollow  cathode.  After  the  breakdown 
of  the  main  gap  5 either  a dense  glow-discharge  is  established  bet- 
ween anode  1 and  cavity  6 of  the  cathode  through  holes  4 or  a dis- 
charge of  the  type  of  a vacuum  arc  is  established  between  the  anode 
and  the  external  surface  of  base  3,  depending  on  the  parameters  of 
the  external  discharge  circuit. 

The  shape  of  holes  4 does  not  play  a significant  part  in  the 
operation  of  the  discharger.  Thus,  instead  of  round  holes,  base 
3 can  have  slits  of  any  shape  or  length.  It  is  only  necessary  that 
the  width  of  these  slits  did  not  exceed  the  width  of  the  main  dis- 
charge gap  5,  from  the  considerations  of  the  electrical  strength 
of  the  device. 

As  follows  from  this  description,  the  central  hole  in  base  3 
plays  the  main  part  in  the  breakdown  process  of  the  discharge  gap 
5.  In  the  Initial  period  the  current  passes  mainly  through  this 
opening,  into  which  the  main  portion  of  the  electrons  flows  from 
the  discharge  plasma  in  cavity  6.  Thus,  on  the  whole,  the  time  of 
formation  of  the  principal  discharge  and  the  starting  stability  of 
the  device  depend  on  the  diameter  of  this  opening.  The  formation 
can  be  accelerated  and  the  stability  can  be  improved  by  increasing 
the  diameter  of  the  central  opening.  However,  in  this  case,  the 
electrical  strength  will  decrease.  This  can  be  avoided  by  changing 
the  construction  of  the  starting  electrode,  as  shown  in  Pig.  2. 

In  this  case  the  cavity  of  the  starting  electrode  7 is  divided  by 
partitions  14  into  cells  (the  designations  of  rest  of  the  elements, 
their  shape,  and  purposes  are  the  same  as  in  Pig.  1).  Each  cell 
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forms  an  individual  hollow  cathode.  When  a negative  voltage  of 
sufficient  magnitude  is  fed  to  electrode  7 a discharge  is  formed 
in  each  of  its  cells  approximately  in  the  same  way  as  in  the  cavity 
of  the  starting  electrode  of  the  discharger  described  above.  In 
this  case  a beam  of  electrodes  flows  from  the  depth  of  each  cell 
which  is  directed  to  the  base  3-  If  the  openings  in  the  base  happen 
to  be  in  the  path  of  these  beams,  all  beams  get  into  the  discharge 
gap  5 and  elicit  a breakdown  of  the  latter  simultaneously  at  several 
locations.  It  is  obvious  that  in  this  construction  of  the  dis- 
charger the  perforation  of  base  3 must  be  accompished  in  such  a 
way  that  the  openings  would  be  in  front  of  each  cell  of  the  starting 
electrode . 

Object  of  the  invention 

The  controlled  gas-discharge  device  with  a cold  cathode  which 
contains  an  anode  and  cathode  in  the  form  of  a hollow  cylinder  or 
a prism  with  a perforated  base  facing  the  anode,  and  a starting 
electrode  located  in  the  cathode's  cavity,  is  distinguished  by  the 
fact  that,  in  order  to  improve  the  starting  characteristics,  the 
starting  electrode  is  made  in  the  form  of  one  or  several  cylindrical 
or  prismatic  cells  arranged  opposite  the  openings  in  the  cathode 
and  whose  bases  are  facing  the  cathode  and  which  are  completely 
open  or  have  openings. 
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